Background: Prospective controlled data on the long-term effects of bariatric surgery on disability pension are not available. This study prospectively compare disability pension in surgically and conventionally treated obese men and women. Methods: The Swedish obese subjects study started in 1987 and involved 2010 obese patients who had bariatric surgery and 2037 contemporaneously matched obese controls, who received conventional treatment. Outcomes of this report were: (i) incidence of disability pension from study inclusion to 31 December 2006 in all subjects, and, (ii) number of disability pension days over 10 years in a subgroup of individuals (N ¼ 2901) followed for at least 10 years where partial pensions were recalculated to full number of days per year. Objective information on granted disability pension was obtained from the Swedish Social Insurance Agency and disability pension follow-up rate was 99.9%. Results: In men, the unadjusted incidence of disability pension did not differ between the surgery and control groups (N ¼ 156 in both groups). When adjusting for baseline confounders in men, a reduced risk of disability pension was suggested in the surgery group (hazard ratio 0.79, 95% confidence interval 0.62-1.00; P ¼ 0.05). Furthermore, the adjusted average number of disability pension days was lower in the surgery group, 609 versus 734 days (P ¼ 0.01). In women, bariatric surgery was not associated with significant effects on incidence or number of days of disability pension. Conclusion: Bariatric surgery may be associated with favourable effects on disability pension for up to 19 years in men whereas neither favourable nor unfavourable effects could be detected in women.
Introduction
In Sweden, 11% of the women and 12% of the men are currently obese. 1 The corresponding figures for women and men in England are 24% in both genders, and 33 and 31% in the United States. 2 Obesity increases the risk for a wide range of medical conditions that may cause further health impairment. 3 Obesity is also associated with increased rates of disability pension, 4-7 a social benefit financed by governments or insurance companies depending on country. The societal costs for obesity-related productivity loss because of disability and sickness are considered substantial. 5, 8 In Sweden, the prevalence of disability pension is higher in women (12%) than in men (8%) 9 and approximately twice as high in obese Swedish women as compared with women in the general population. 5 Finnish studies have observed that obese women have a twofold risk of disability pension, 10 and obese men an increased risk of 1.5-2 (refs 6,10). Reducing obesity is important especially in the young, as individuals who are obese at the age of 18 may have a 35% increased risk of future disability pension. 7 Moreover, studies suggest that among individuals granted disability pension, obese individuals leave the working force 2-4 years earlier than normal weight individuals.
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The three most common reasons for disability pension in Sweden are cardiovascular and musculoskeletal disease and psychiatric illness, 12, 13 all related to weight status. 14 Bariatric surgery in obese individuals improves physical-and psychosocial functioning 15 and several obesity-related co-morbidities. 16 Furthermore, surgical obesity treatment has been
shown to reduce the risk of premature death 17 and cancer. 18 A few, relatively small studies have reported on the effects of obesity surgery on working capacity and disability pension and they suggest increased employment rate following obesity surgery. [19] [20] [21] [22] We have earlier reported on reduced levels of sickness and disability pension 3 years after obesity surgery. 23 This effect was particularly seen in individuals above the median age (46.7 years). Whether or not obesity surgery can reduce disability pension rates in a longer perspective is not known. The aim of this study was to prospectively compare disability pension incidence and number of disability pension days in surgically and conventionally treated obese men and women participating in an ongoing Swedish intervention study.
Patients and methods
Swedish obese subjects study Study participants. The Swedish Obese Subjects (SOS) study is an ongoing, prospective, non-randomized, controlled intervention study that investigates the effect of intentional longterm weight loss on morbidity and mortality. 16, 17, 24 Between
September 1987 and January 2001, obese individuals were recruited to the SOS study through advertisement campaigns in mass media and within the Swedish primary health care system. All individuals who fulfilled the recruitment criteria were offered to participate in a matching examination and 6905 individuals completed this examination. As described elsewhere, 24 the matching examination included a health examination and extensive questionnaires. Inclusion criteria for the intervention study were age 37-60 years and a body mass index of X34 kg m À2 for men and X38 kg m À2 for women. Exclusion criteria, described elsewhere, 24 where minimal and were aimed at ensuring that the subjects in the surgery group could tolerate the operation. Identical inclusion and exclusion criteria applied to both groups. The matching examination resulted in 5335 subjects who fulfilled the criteria for the intervention study. Among those, 2010 selected surgical treatment and constituted the surgery group. A concurrently matched control group of 2037 individuals was created using sex and 18 variables from the matching examination (matching variables indicated in Table 1 ). 24 The remaining 1288 eligible patients offered less optimal matching and were thus not selected by the automatic matching system and not included in the intervention study. 24 In the matching procedure, each control subject was selected from the pool of potential controls to make the current mean values of the matching variables as similar as possible in control and surgical groups. Both the surgery patient and the conventionally treated control patient started the intervention study on the day of surgery (inclusion date). All the regional ethics review boards involved approved the study protocol and informed consent was obtained from all subjects.
Data collection
Baseline examinations of the surgery and control patients were performed B4 weeks before surgery. Follow-up examinations were performed after 6 months, 1, 2, 3, 4, 6, 8, 10, 15 and 20 years. Blood chemistry was centrally analyzed at the matching and baseline examination and after 2, 10 and 15 years. The participants also completed questionnaires on health status, dietary intake and healthrelated quality of life at each time point. The general health questionnaire included questions on for example, socioeconomic status, education, smoking, cohabitation, sleep habits, medical conditions, medication and self-rated health status. The health-related quality of life questionnaires included six scales that were used in the matching programme, comprising personality traits (monotony avoidance and psychastenia), 25 self-rated current health, 26 two scales on perceived social support, 26 and one scale on stressful life events.
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Intervention Surgical treatments were non-adjustable or adjustable gastric banding (18.7%), vertical banded gastroplasty (68.1%), or gastric bypass (13.2%) 27 depending on local practice at the surgical departments. Conventional treatments ranged from no treatment at all to dietary advice, behaviour modification, very-low-energy diet, physical exercise or pharmaceutical treatment.
Disability pension
In Sweden, disability pensions are financed through a national insurance system, funded by compulsory taxes. Disability pension is approved by the social insurance office, based on a physician's certificate. Individuals, aged 19-64 years, can be granted disability compensation to a degree, between 25-100%, when long-term working capacity is reduced because of medical reasons. If the individual's health status improves, the basis for disability pension may be reconsidered. For this study, complete information on disability pension was obtained from the Swedish Social Insurance Agency on each subject for the year before their inclusion into the study, and then during follow-up until 31 December 2006.
Statistical analysis
Descriptive characteristics are presented as means with s.d. or as frequencies. Differences between study groups were tested by the two-sample t-test (continuous and ordinal variables) and the w 2 test (dichotomous variables). Because significantly fewer men than women had disability pension at inclusion (13.4 versus 18.0%; Po0.001) all analyses were stratified by sex.
Confounders
Despite the matching procedure, a number of factors that could be related to disability pension outcome differed between study groups. Therefore, the 18 matching variables
Effects of bariatric surgery on disability pension L Gripeteg et al and 11 other variables that we hypothesised could be associated with disability pension (Table 1) were tested for significant differences between treatment groups and for significant associations between the variable and the presence of disability pension at inclusion in the study (analyses not shown). Confounders were tested separately for men and women. The following variables were chosen as confounders as they both differed between the treatment groups and were related to disability pension at inclusion; in men: age, body mass index, diabetes (yes/no), self-rated health status (score 1-7, where 1 represents excellent health and 7 very poor), psychastenia score, 25 back pain and hip, knee or foot pain restricting work capacity the last 12 months (yes/no), university education (yes/no), and in women: age, waist circumference, total cholesterol, triglycerides, daily smoking (yes/no), self-rated health status (score 1-7), psychastenia score 25 and three variables on pain (neck, back, and hip, knee, foot) restricting work capacity the last 12 months (yes/no), and university education (yes/no).
Incidence of disability pension
Of the total 4047 (1180 men and 2867 women) individuals of the intervention study, 673 had disability pension at study inclusion and were excluded from the incidence calculations. The analysis therefore included 3374 individuals (1022 men and 2352 women) with a median (min-max) exposure time of 9 (0-19) years on 31 December 2006, when the information on disability pension was obtained. The time until disability pension (partial or full) after inclusion was compared between surgical and control groups using Kaplan-Meier estimates of cumulative incidence rates. In addition, a hazard ratio (HR) for disability pension comparing surgery group to control group was calculated using a Cox proportional-hazards model. In addition to unadjusted HRs with corresponding 95% confidence intervals (CI), HRs, which were adjusted for the defined confounders were calculated. The observation period was censored at the date of old age pension (65 years), emigration or death. In addition, two individuals who had withdrawn consent were censored at day 1. 
Number of disability pension days over 10 years All 2902 participants who were included in the study 31 December 1996 or earlier and thus followed for 10 years or more on 31 December 2006 were included, except one individual who had withdrawn consent. Partial days of disability pension were converted into full days per year to be able to quantify the disability pension on a common scale. The analysis separately comprised the year before inclusion and the following 10 years. Number of days on disability pension was counted from the date of inclusion for each individual to the date that he or she had been followed for 10 years. In addition, total number of potentially possible disability pension days that each subject theoretically could have experienced was calculated as the time from the date of inclusion to 10 years later, or to the date of a censoring event (old age pension (65 years), emigration or death), whichever came first. The sum of disability pension days was compared between study groups, using a multiple regression model, adjusting for confounders, disability pension days the year before inclusion, and the number of potential disability pension days.
The statistical analyses were performed using SAS-PC software (version 9.1; SAS Institute Inc., Cary, NC, USA) and Stata (StataCorp LP (2005), Stata Statistical Software: Release 9.2, College Station, TX, USA).
Results

Characteristics of study participants
Characteristics of the surgically and conventionally treated men and women at the matching examination are shown in Table 1 . As compared with men and women in the control group, surgically treated men and women were younger, had a higher body weight, body mass index, waist and hip circumference, a worse self-rated health, less mental energy, were more likely to report musculoskeletal pain, and were less likely to have a university education. Furthermore, surgically treated women had higher levels of total cholesterol and triglycerides, were more likely to smoke daily, and were less likely to be postmenopausal and live in or nearby a large town than the control women.
At the time of inclusion in the study, the number of men with any degree of disability pension (partial or full) did not differ between the treatment groups (12.7 versus 14.1%; P ¼ 0.49). In women, significantly more subjects in the surgery group than in the control group had a disability pension at inclusion (19.9 versus 16.1%; P ¼ 0.009).
The subgroup of surgically and conventionally treated participants who were followed for at least 10 years (N ¼ 2 901) displayed similar differences between treatment groups as the whole study group (N ¼ 4047). Some differences were, however, noted. In the whole group, but not in the subgroup, control women were more likely to be postmenopausal and have lower lipid levels than the surgery women. In the subgroup, but not in the whole group, waist-hip ratios were slightly higher in the surgery women than in the control women (data not shown).
Weight change
The mean (s.d.) 10 year weight change in the 2901 participants who had been followed for at least 10 years was À15.8% (12. 3) in the surgically treated men and þ 1.9% (12.8) in the control men (Po0.001). Corresponding weight changes for the women were À16.1% (12.1) and þ 1.4% (12.1), respectively (Po0.001).
Incidence of disability pension
The effect of bariatric surgery on the incidence of disability pension did not differ between men and women (P ¼ 0.50 for gender-treatment interaction) or between subjects below or above median age (P ¼ 0.80 for age-treatment interaction) (data not shown). Although the treatment effect was not different between genders, we still choose to present the results by gender because of the higher baseline prevalence of disability pension in women.
During the follow-up period, 156 (30.3%) of the men in the surgery group and 156 (30.8%) of the men in the control group were granted a disability pension (unadjusted HR ¼ 0.95, 95% CI 0.76-1.18; P ¼ 0.62). Figure 1 shows the unadjusted cumulative incidence of disability pension up to 19 years. When adjusting for confounders, a reduced risk of disability pension was suggested in the surgery group compared with the control group (adjusted HR ¼ 0.79, 95% CI 0.62-1.00; P ¼ 0.05) ( Table 2 ).
The number of women granted a disability pension was 475 (41.7%) in the surgery group and 462 (38.1%) in the control group (unadjusted HR ¼ 1.03, 95% CI 0.90-1.17; P ¼ 0.67). In women, the risk for disability pension did not differ between treatment groups when adjusting for confounders (adjusted HR ¼ 0.95, 95% CI 0.83-1.09; P ¼ 0.44).
Disability pension days
The year before inclusion in the study, the average number of disability pension days was 39 (95% CI 29-49) in the surgically treated men and 41 (95% CI 31-51) in the conventionally treated men (P ¼ 0.79 for difference). The unadjusted mean number of disability pension days over 10 years were 647 (95% CI 540-755) in the surgery group and 696 (95% CI 589-804) in the control group (P ¼ 0.53 for difference). When adjusting for the confounders, the adjusted number of disability pension days over the 10-year period was significantly lower in the surgery group compared with the control group, 609 (95% CI 540-678) versus 734 days (95% CI 666-803) (P ¼ 0.01) ( Table 3 , foot note a).
In women, the average number of disability pension days, the year before inclusion was 59 (95% CI 51-66) in the surgically treated women and 48 (95% CI 40-55) in the conventionally treated women (P ¼ 0.04). The unadjusted Effects of bariatric surgery on disability pension L Gripeteg et al mean number of disability pension days was higher in the surgery group compared with the control group, 968 (95% CI 892-1045) and 804 (95% CI 722-886) days, respectively, over 10 years (P ¼ 0.004). When adjusting for the confounders, the total number of disability pension days over the 10-year period did not differ between the groups. The adjusted number of days was 889 (95% CI 842-937) in the surgically treated women and 888 (95% CI 837-939) in the conventionally treated women (P ¼ 0.97) ( Table 3 , foot note a).
Discussion
The aim of this study was to prospectively examine the effects of bariatric surgery on disability pension. Our results show a reduced risk of disability pension in surgically treated men when adjusting for confounders and that adjusted number of disability pension days is lower in surgically treated men compared with a control group of obese, on average weight stable men. In women disability pension did not differ between the surgery and control group. Effects of bariatric surgery on disability pension L Gripeteg et al A few studies have previously described increased working capacity after bariatric surgery. [19] [20] [21] [22] [23] Direct comparisons
of our results are difficult, as the studies are small, use selfreported information on working capacity, have short follow-up times or lack control groups. [20] [21] [22] Furthermore, one study was carried out in the United States with a very different health insurance system. 22 One small Swedish study, which also included an obese control group, found fewer days of self-reported disability pension in the surgery group 1-5 years after surgery. 19 In contrast to these studies, the SOS study makes it possible to prospectively study the effect of bariatric surgery on disability pension using a concurrently matched, obese control group. The groups are also large and have been followed for up to 19 years. In addition, the information on disability pension obtained from the Swedish Social Insurance Agency is objective and loss to follow-up is negligible. A previous report from the SOS study has published results on disability pension over 4 years from the first 740 included subjects. That analysis showed fewer days of disability pension in the surgically treated group compared with the control group during years 3 and 4. The differences between the treatment groups were more pronounced in those aged 47-60 years while in the younger group virtually no differences were seen. 23 In accordance with these previous findings, the present study found a beneficial effect after surgical treatment, but no age difference. However, the present study suggested some gender differences. The prevalence of disability pension at baseline was higher in women than in men. Furthermore, a reduced risk of disability pension was suggested in the surgically treated men, but not in women. However, the gender-treatment interaction was not statistically significant. The main limitation of the SOS study is that it is not randomized. This was because of the fact that the regional ethics review boards involved did not approve a randomized design because of 1-5% postoperative mortality in the 1970's and 1980's. Despite a thorough matching procedure there were differences between the surgery and control groups. However, by controlling for factors that were associated with disability pension and that differed between the treatment groups, we believe the observed differences in disability pension in men are related to the surgical treatment. Another limitation that should be noted is that the primary endpoint of the SOS study is mortality and that the statistical power calculation was based on this outcome. It is therefore possible that the treatment groups are too small to detect differences in disability pension in this obese, middle-aged population.
Sick leave data was not available for the present analysis and we therefore choose to focus this work on disability pension. However, disability pension is often preceded by long-term sick leave. 28, 29 Thus, sick leave is an important part of the overall picture of the effect of obesity surgery on productivity. In summary, our results suggest that surgical obesity treatment may have beneficial effects on incidence and number of disability pension days in men, but not in Effects of bariatric surgery on disability pension L Gripeteg et al women. Thus, previously reported health benefits of obesity surgery on for instance diabetes, 16 cardiovascular risk factors 17 and cancer 19 did not result in reduced disability pension in women. More studies are warranted to further explore the complex causes for loss of working capacity in obese subjects, and how they differ between women and men.
